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(57) Abstract 3 >»o-» 

In a write operation, data of a plurality 
of bits is converted to data (multi-value data) 
corresponding to the combinations of bits by a 
logic circuit, and the convened data are sequen- 
tially transferred to a latch circuit connected to 
bit lines of a memory array. Write pulses are 
generated in accordance with the data held by 
the latch circuit and then applied to a memory 
device in a select state so as to impart a thresh- 
old value corresponding to the multi-value data 
to the memory device. In a read operation, the 
read voltage is changed to an intermediate value 
of the respective threshold voltages so as to read 
out the state of the memory device. The read 
voltage is then transferred to a register storing 
the multi-value data and held by it The origi- 
nal bit data is restored by an inverse conversion 
logic circuit on the basis of the multi-value data 
stored in this register. Therefore, the peripheral 
circuits of the memory array can be kept at a 
relatively small scale, and the write operation 
can be accomplished within a short time. 
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h^-^t-Xlft-rSiSXIftlfcSlHllS. 16ll=yFo-7CONTi>e)4xbix 
537y K£«J$i-<5 KWi^^^, 1 7 t± = -r* put?** 1 6 

* n fc =i -v ^ K = — K Sr ^ =3 — Ki"5>=-^^ Kf = -^, 1 8 MS K => Kl- 

flails i 3 ji-tn^nro^^ y r Ktt£#iitwi-*> i 

25 o^-fcV*^ y^EII& 1 3 , 1 3 i^^^^^x/tSKttl Y^^-y 
IsllSl 5 U:«fcoTjglfc$n-CtiJ73 U^^^ 1 9^1 t*y h-TojfcfcVMi^ 
(7>mft-C<tei££*L6. t±i73 9 1 9 tt#fif £ ixfc^tii U^-^ 12, '< r/ 7 T 
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mttmmt*&mb * 1 oiaoj: 9^ yt^-^ejis 1 5 -c^-^^a 

tt-TS^fc b*»o- ^Y^-^BKl d y * ic«t !)ljRty K«r->7 

h Ltf!< «fc 0 ttmfSLk-fZZk-?^ -t^x? *s^®16 1 3 1^1*^:7 MM&#* 

5 r©$illl©#l7 7 5'->a^ ; tyi:ii x ±E#lHllStf>«u ^!/7Wi2 

i»6t^75yf 1 3— R^ffi^ixfcT*— "o" /u "1" 

S*--/W#J£I3|& 2 0,3^ ho-5CONT^?)M$^5 U-lr y 
HttRES^f«yyimCE, **i&*M*ft*WE, BI*iM*OE, 
oync, =i-^> KA**»7 KW^A*a>**tfc*© = vv K-Y 
10 ^-y/vfH3-CDE«?^>^«5fW»fll#SrH*)iitf/< y 7 r BIS 2 1 t , TKux 
(S^n^^ Kfll*, ^— ^m»«r*9atr^y 2 ^±C^«BMHm 

*^fi^vNT^ttiHiig{c^^5w»m#«:^fig-r5rt»m*»^(Hii&2 3, 

7 r BIS 2 2 \z.WL*>j&-&tl1ZT h'lsXir&to-i-ZT Vux Uitxfi 2 4 , A* 

15 *y T W 1 2f*JO!7 - Ki»SrjB«i-5m*Sr^rici-*XT Kl/^f = -^2 6 
a, 2 6 b*S.fctf!7— K K9W'<2 7, ift^ffi 
^y7 7 -<tEff SnS«EE£*£-*-<5rt»«Si«£lHllg2 

K K5>f /< 2 7 »KMt**^ ^ f >^H» 2 9 , ny* (CLK2 

20 £363--*-** n y ^ ^fiJcJallS 3 0, * o ^ LT## 

<^«Frasr4-^.5^-r ^miS3 1 , 6 (w«t sy* y (Dmm^Wi^^-t 

XT — fi xisiS*? 3 2, YT K^*£Stt*McJE3r-r* Y7 KU^*7X^3 
3, ^fil^y hroffif (TKU-*) ift»t5^S7 K^* U^** 3 4 . YT 
K^4«7 KU-* t «rit«5i-5 7CfiitiSfIl]l8 3 5, T K U- * Lfc £ # 

25 {d»«p<^y?iJSr©»)*x5«t«P^T KW^«r8E«i-5tt»^T Ku* l-v*** 

$ bt-, w<^HJ6^j<o#ifi7 7 s/*>a** y fix ^ ^ * — y >-> 3 >!c 
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t-IftWi-5o -LIE:*— /M*J)£®i&2 0O^J^»*tr^-rm-9-fi> ^^18 
*^(fct&£ Jt3 «t o KfllfiK otitis 9 % y K*ica--/nWJEiai& 2 

f = -^26aiM yf = -y2 6 b "C 2©»^7* = ~ KtS^yf^-K* 
15 5££«£ffl LT*5«? , Wtliyjf 3-^2 6a-eX7h>^0±(H[3iry h^rft 
= - KIT, ^rO^'J K«*-C!7 — K K7'f^2 7 £»Ji«l LT3r£tf> 

!7— K*frSIR-r* £ 5 LT^5, wtf> <fc 9 /i7"yfn- K75^C«:^ffl-t-5 ~ 
«t t' <t . ^^f3-/26 b ^{fcx^-ySr*^ 'J 7W©!7- 

20 ft £ . 

Kii, i 4S:Pi-v'y wixe>^«^«r*r-r-5irffl^ 

25 7 5 y ^ y f y 7"l:»tt 5 : I: f -y7ffi 

£ )0= > h n — 9-3-= s» h CONTl:^^ BUS Tgjl tX*Jit5 <t 9 I" 

• «&*lffe<7>tei;:T Ki^^fifctf*^^-^ K£fifcttfca££«S;i£ «t 0 
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%\ !7- K»«ffi^£««ttVsub*fc&^Srt««#*£le]gS2 8 

9&**Lrt:fctf>, 851 61211. V — K K7 'f ^EIIS 2 7 (DfllfifciWSr^ L-fe t ^>"C 
5 *>*. rt»«W*^lHj|&2 8 l±>-^>-^ 1 8^e>«^$ix^:«-«ib^- KIC 

£tfrttt**i*&l§II&2 8 <D*#Rtf«£L*:*ffi$r£ttS*-r 
(!7- Kjft«JI9]#|HllS) 2 9 0*ritfif£*tf><t > <Z>£:|iSl#-Cifc»K !7-Ki»tf>« 

10 I*© 2 1»7 7 r>» ^ !l Ti^I^!7- K*tElt «*WL 

(2. 7V, OV) , #&**JEE (-10V, OV) , tii^!) 77^ t 
JE (1. 5V) , i83s*EE (+10V, OV) RVm&^V 77^ft£E (4. 3 
V, OV) (D 4 SOKttL, ^3l*0ll<^^«775/v'^^*y T^fit 

Sil57- h-mmZii. R*tUL«ff (3. 7V, 2. 7V, 1. 7V, OV) , 

15 »i&*«EE (-10V, OV) , Wtefr^V ^T^mS. (3. 5V, 2. 5V, 
1. 5V) , m&is£Tfm3:'<V 77>ftE (10V, 4. 3V, OV) RW 
7Uy->3.*£E (-10V, 10V, 3. 7V, 3. 5V, 2. 7V, 2. 5V, 
1 . 7 V, 1 . 5 V, 0 V) t #5. 
±8E*>f yf>^@B2 9 S'—*!'* 1 8 a>e>«£<**v/!:#1Iftf1^- K 

20 {-#£:Lfcrt«llW»fg*££l*T, _t SB rt BBS 2 8 £ 

mm*p i , p 2 iw^-t-Sc 

01 K7^/<WDRVIi, 17— Kj»^ 'Jr^ - K^stfctfcffl bfc 

S^WtWf, ttSjl^lHllSLOG S 1 Ottl*/- KN 1 tw8ffl<7)flJES^@IS 
25 VOLS1~VOLS80A^^*1»«U £ *L»SiSttlEl& L O G S 2 <7>HJ 

7J/- KN 2 8«<7>«1£jS^IhIISVO L S9-VOLS 1 6 <D At! 
t, y;f="-K{|fXp 1, Xpl*~Xp8, Xp 8 *i:iotlB^(OtIE 

mvi®&zmw.-rz> x o icfco-c^s. ii^xm, xN^±u!7 ,| jf='-Kfff 

Xpl, Xpl*~Xp8, Xp8*li7KW^f3-yXDCR (26b) 
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■rzmmm&EMLOG s 1 £fcti2as»#i^>'^»tt«-*&m*iL-ct>, y 

5 ^Ofcftl:, ^ilMOSFETQ5 6, Q 5 7 & :/ y f = - KfS^-J- T * 

>f7fW«lt5J:5^t5. $61^ Stt^lfflMOSFETQ56, Q 5 7 
#y 7 KMKttLT#«tR*Kl»tf>mEE«:ttJ;*J<*i*:* 
fcfclw, ±E^ifflMOSFETQ56, Q5 7 i titfMtfylZ.X'f yf-MW cFtvT 

a^nna i n v 2 (D*n?n<DAti\zmfe<nmE.t:Qi&'zimiz-rzzr/i'T y^M 

10 OSFETQ5 8 ir^^^^MOS FETQ5 9 £ tftttt kixT V*£>„ 

SB 1 6I2{-*5V^-C, ±fEft*XMI±, 8*0>!7- KM& — 8ffltf>!7 — 

KM#0>tpa»e>i*-fixtf>l*tf>!7- KM«r»lfc-r*>MB^1-* 3 tf y hofl^-i:* 
fcSixSo 9*=«— KfS*X p 1 , Xpl*~Xp8, X p 8 *li#!7- KM 
WKL^H^mo?- KM£»#i-£jMg^-t-5tt1««*i*fc3ixSo * 

KffltXpl, Xpl*~Xp8, X p 8 * 0>*iX-e*Ui. 1"**% u^U 

_hIB!7- K K7-f ^WDR VCDJB^P 1 l:: (i i8 * . 

-iy 7r>f ; 5 V, 4. 3 V, 3. 7V, 3. 5V, 2. 

20 7 V, 2. 5V, 1. 7V, 1. 5 V, 0 V (D X 0 fc«EE V p p Tfc 0 „ «S^- P 

2 ictfcissn* y ^ Uyv'a. 1 0V©i 9 fr« 

EVe e. l§]tttf>&ifc«{fcfc b< HmWmtiLt L-X <D 0 V <D £ o 41EV s s T 

±IE#»3®j1^Ih]KL OG S 1 , LOGS 2 * #*Xf="-yXDCR(Df| 
25 Q-ZE.m-i-Z'f I NV 1 b*<om*)$:&mi> b< «^»r-t-^. h7^^ 

77^- h T G 1 t , Xf^-fXDCRW^git L< liJgBfi-* h7> 

_hIE^|EE3llRlHj&VO L S1-VOLS16 li-tix-t'ixlB] — «J*t- $ft, 
i¥&aiftf*fftt^£*xfc®J£ig*RlI]a&VO L S 1 »«t 9 *S^P 3 tMOSF 
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ETQ5 2©^- h t <Dm\Z&l-} V x = - KfitXp 1 * \Z £ *) y 

°f- W»$h5Nft >^;H^7y^MOS FETQ58t ( P 4 £MO 

s fetq 5 3(o^- h t <Dmzntft>tLit?'v 7*=— Km-s-x p i \zx r> * 

<< yf-mW&tiZ P^ir ^^frW.-/ )VT yrflAO SFETQ5 9 i: $ h 

l^ifflMOS F ETQ 5 6 ? = - K«#X plCiO^'f y^»J»b, 

i*^llMOSFETQ5 TSr^y^a- Kft#X p 1 2/^#J 
m-fZX 5 UHPUfcSivTvvS. JtEig^-P 3*>J:VP 4 Jci±, tSVcct^ii 
V s s A*{ft*fr£*v<5. 

$160O!7-KK5>f/<WDRVO^JBiI(iWt5, 
KtC*5JtS«8^P 1 ~P 4 <7>mmt 17- K*«ffii5^$tvTV^6 e 
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= KKJ: h'&mTFZtiZb. P 1 Kil*«EE V p p 

jfi^P 2 ClttV s s , m*P 3 *5«fctf P 4 KttttEEV c c d^-tix^n^ y^"^ 

5 8 ov^THd^l^tS w ti5»rii: ^5. C*iic£9. »^u-<^ (/W w < 

y— h TG 1 Sr^UTy — KN 1 «5n 17 1^/W£fc0 , d -tix-^nofcjEEa 
ttlUl&VOL S 1 - VOL S 8<OA^{c4.^e>ix-5c ffi** 5 $ tiZ * * y ir/wa* 
17- KlftWl ^ixT^S^y ir/V'-efc-Sti^. /Dr^- WXp 1, 

10 X p 1 *-X p 8, X p 8 -t<Z>5 *>Xp 1 , X p 1 u^/i^, 

f£oT> ^IfflMO S F ETQ 5 6 , Q 5 7 tt«JBE»#EII& VO L S 1 
/-KN1 0>«4§-tt*ff»|R|g|&VOL S 1 IdrtTttl&S 
5» rotl, tEllRBlSVOLSl<D^7j'yMOSFETQ5 8*JJ;t; 
15 W^MOS FETQ5 9li, j/ h yt7&miz £n5, 

SRtffl»i@BVOLSiroMOSFETQ5 2, Q53©y- 

M:n*±«ay- kn 1 *>m^#ifc*&£n.5„ ^tiici^x. mtimn 1 nv 2<a 

MO S F ETQ 5 2 &3~l>'1K1&lZ. $iit, 17— K**W 1 lii»*-P 1 tf>«EEV p p 
liioT^t$il>6A5. r<Oi#, jt*©MOSFETQ5 30y-M:M 

20 SilSn «7U- </W±. MOS FETQ5 7 <^f^ffl «fc o X ^UJttBE V s s AH 

j«VM3 «7 U^H:$nt, MOS F ETQ 5 3 tt^^Kli* y h * 7 £ ft # 
„ 17— K»W 1 O U^/UO±#KttoT7-f — hV<»y^MOS FETQ5 5 0> =» 

<$n-5witC«t«3, SRMO SFETQ53<oy- h*S« 
EE V s s i:»«5SntMO S F E TQ 5 3 y h 2-7tf>:fcl8t::fcS„ 

25 ftoT. Kfc*il^T, 31^^^ y -fc/W ft T 1^-5 17- K<fcW 1 

ttV p p *t^l$iv5. 
Sttff -i§-S E L*5_hiS<£> <fc 9 tcW u^/H: £ftT^5#£-i::> '7— K»w l 

X p 1 , X p 1 * tt-€-ft-?r*ftn ? i^/u, '»f i"<;H: $ ft5o ftoT, SfEiS 
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&E18&VOL S 1 ©#*J8MO SFETQ56, Q57 ft.$i\Z*-7 Vtm t £*K 

KN 1 <Dte#tt«ffi»ttlsll&VOL S 1 t-«l9^*nncv^ «BE 
a^EllSVO L S 1 (DZf/l'T yZfUO SFETQ5 8 *5 «fc XJ-Zf;vy «7 >lAO S F 
ETQ5 911, *l-^->-^fBlC$ix5 0 

5 SttttESfeEMlVOL S 1 ©MO S F ETQ 5 2, Q53<Dy- 

M-tt«8^P3, P4^5)MOSFETQ58, Q 5 9 ?r^UtV c c tEi^ 
riXlCfcoT, ffl^BKl NV2<DMOSFETQ5 3i5t^«l3$ 
17— KISIW1 lUtt^P 2 $r^UT*JEEV s s J' fcja>o T8t*£n*fe«> 5 0 
roil, i^MOSFETQ5 2(D^-H:^$tl5M W^/Hi, MO 

10 S FETQ 5 8<DL#l^fc«EE#*:tt*ffiV c c «t 0 fcffi^fcfc, MOS F ET 

Q5 2\±^.±\Z.ni3y £flt£\,*&. t^»©MOSFETQ5 3 «fc o 

T!7— KflfcW 1 t"<;i/i5Tii5(:^oT7^ — K'<y*MO SFETQ54© 
= * < £*K MO S F E TQ 5 2 ©y- hi J Vp p Kl9&»J£n 

TMOSFETQ5 2tt^±lc*y ft7©^«|:/,c5. ftoT. $8**- Kfc 

15 *5V^. #»#©!7- KiWlttV s s *-C»«$n5„ 

5©t?^UV^aJi^li^'P&-r^*^ *W 2 9^?>«^P l , P2l:i 

#1 7ElSrffl^TlftWi-^o - B.T thfi: y V & * 

25 fls*HkaSL3lEfTL-0*S £ „ IB 1 7S© (2) (O «fc 5 fc# L # V^ffi©li 6 o£ jtf 

ix<5t^g£^^-y irvU'b§§i>#&^as±C5^:b^5-7^ ^ ^ — ~? ^ * * w< 

>r*ic*5 its easy — y -r > -> 3 >t£k'&hz> 0 rc^m&iii f y 
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«fc 9tw. #L#V*te<OlBJIW#tfeV^«7 7 y a * * V \Z. *5 V * X tt»»f^O JDKH 

f£2SBfl*&£n5£, 3fci\ »tt£ixfc!7-K|&fc:««$nfci-'<-C<7^^y-iryv 

is fio. 2va«-c*>5c ww-e. m*m&'</i'Xktt. mz.t:&m. m*-\z"i 

20 (3. 7V) lw»!£LTtt*fflL&?T&? (7f^S22) . :KCJ:9 < 

^-^^-y-fe/KDu^v^^^cT^-^^ut^m^ix. -fe^^^y^Eiai 3ic 
v>ut ^tt&^r-rs *^e- y t/m^t5-fe^^7 <z>-7*— 9vt "i" 

S24) „ n 0>-r-*£*5li. &2 0E|{c^-r«t 5 fc«f*0>ir 

. 5 V) #17 — Kmc«36 £*U L£V>fit<75¥»J£a s llfT£*x5 (^fy7"S25 
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) 0 ZtiKX*). -<]) 7T>f mJEE«fc Ote^Lt ^«£*ri-*^y -tA- («17 

h*> (4) &%a) izMfc-rz-t^x? vv-a>7—9tx* "i" a»6 " o • 

(161 7 0tf> (4) flF#B) fcatfSLfc-tri'* 9 -y^cD^-^li "1" 
1 TOSv^4"Ctf vHKftSffii*fflc*>'7 h^ixfct^Ctt^llltw^ (3. 

10 tift "0" <D**{r^jx5o r<oj: 5 fc^/Bfc#2 O0t-^J: SttWfifco-fc^ 

fcKl. ii*«EE&»!5ELT1r>';*7 y+(n*?—9& "1" 
**!J-fe/u (#1 7 0© (4) flF^B) KStLTM&^fcn? (^r^S2 
7) o i^/W^StteLfc^y 7r^f mEESrKJtUT^y 7r^*r 

15 fT/«C9 (^f^S2 8, S29) 0 L# V^d^y 7rW mffi«t t> t(6< fto 

^:«f^T?7 "1" *>P> "0" KfcfcS. t^T©7yff-^i 5 

"0" K: *#>i^i:'<y 7 r>f SrlftOiSUT "1 0" t-?<T)*^ 

d t /ko y 7 u y v a teiii 1 5 Ufy7"s30) o :waot, "1 
o" ^ y -t/K^L^i^^ji^ot^^r t>K sbi 7 tacD 

20 (5) <o,t5i:'J^<45. "0 1", "00" tf)^-* SrfEtftfS > ^ 

y ir/W^JtLTfclSUS^y 7 u^v^*«tS*S|ltT$ia5 (^f^SSl) . $ 

^rlftOiSL. 3f«leI»:i(*T tfc^-?y 7 UyVaWt 5 (^f ^S3 
2) . 

25 *2^«, .hlB^JfiKftoT y 7 t^;/S'*£fT*o IB 1 7 0W 

(4) <D$m-A, B, C-C^$tL5 <fc 9 t£ U# v>fit«:W-t-5 * * V ±si><nU&tii 
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*2 





WtthL 
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0 
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0 
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0 



5 t yi^ 3 V t i> t> 5 « 

10 (2) y -fe y hmz y-fe y h«^§- (/RES) a*iSti:ffc3;h,S £ y 

(3)x * >/<^r R ES*d-> u^;H:f5 rilUt) y ir y 

(3)t«*t^L, /RES^/^^/H:UI, !)7Wr>a«:^t5. 

y T^^v^a >{w J:^ U# v^fitOl&TtCJt-rS^tJRi: LTtt. ««1£AI$ 
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<>*>-CI*fc<, 7 7^^~**y <a«a&*JEai^«te*JE<fcU:fm+Si, 
f&2 OHKrt:, JifE^^y 7M1 2*5«fctf-tr:'*7 -.y^tBllfr 1 3 ©flMfcfllj&s 

^$ixTv^-5 c ^tyrM i 2ii, 7- k** ax-t-s^rsji-ERSfta^ 
*-y -feyKDttffium#i j m^*iX'5 y^ v m»b l fc^fTicEKSftfc^a 

ylDLt, #iy-^»S L £<0|BJI;l, («X.tf-«ifi*^r<|g/JM 2 8* 

10 0!7— K*fc*tl&LT 1 2 8fi) <D pt ^ V ir^MCj&5&?lJ{::SMfc£ftrt:AND£J 
tSftT^fc. *i^>f^»DLIi^^s/fMOSFET Q 1 &frVX#ffc 
t5lfy MftB LtCfiSttpTfig^^n, $fc*«y-^»SLIl^^ yfMO S F 
ET Q2ZfrVX»&J&lzmm^m\zZtlX\,*Z> 0 ^tibVXj v^MOSF 
ET Ql, Q 2<DV— hfW#P If -*§•«:, X7KU^fltH-f'/9'f MH»« 
15 *§-K:£*3v*T?0fi)c£ft, f'-^ttttJLB* (-< y 7 7"T n^Sr^tf ) Vcc (3. 
3V) <OX ottntiLlzZtlZZbX', *4 MOSFET Ql, Q2Ji^"^ 
#IS£<*ft, ^-^^tBO^^E-y -fe/w«:iibTtf y h«lSr»*-r5o -*\ t*— 9 
»i&3M*lc'tt* tfv h**>»#&*«JEE (5V) & * * y -fc/Utf) K W ^l^x. 

^^yfMOSFET " Q 1 <oy- hM#Pffi*tt 7 V tf> J: 5 $ 
20 ft, Ql*S^->^ft6c r©^#ay-^»SLfl!(0^>f7fMOSFET 

Q 2 tt*-7#fBK£ft£> c 

■t >-*7 vf-mn i 3i4, #**!JWteati£LTtttt£ftfc*«>**yTi'-f 
25 ii7yft-i?Mos (sw2i) k «t <o i v <o «t o ttrnsuz -f y — ^ $ ft , 

5LttU»<D**:V T\"(ft<n\fy hfcttT'y ^ir-i>MO S (SW2 2) KioT 
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. 2VtS»fljWt*>y M!l(Dtfl[0. SVtOtffig^t^^TVySA^^ffi 

jsv^r? — K*K:*ti&*'<yi'X (-10V) -t i&^i^/w 

I^Cfc^y7 7 'ftE (HUB lift 3. 5 V) Sr!7- Ki»tc«:^U-C % 

Tlfclfy h©tyx7yf (-fe^^TVT') co-^—^ £• "0" «fc 
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